Temperature-dependent induction of thermotolerance by ethanol.
Ethanol (1 M) cytotoxicity in asynchronous Chinese hamster ovary cells was strongly temperature dependent, yielding families of cell survival curves between 34 and 39 degrees C that were similar to those obtained at hyperthermic temperatures in medium without ethanol. Below 36 degrees C, survival curves were biphasic, indicating the development of thermotolerance during ethanol exposures. At room temperature (22 degrees C) ethanol was completely nontoxic with incubation periods up to 6 h. A comparison of survival curves with and without ethanol showed that the major effect of ethanol was an effective temperature shift of circa 6.5 degrees C, i.e., the cell survival curve at 37 degrees C in 1 M ethanol was equivalent to that at 43.6 degrees C in medium without ethanol. In addition to the effective temperature shift, ethanol also resulted in sensitization to "heat" with a temperature dependence that was similar to the stepdown heating effect. When thermotolerance was induced with acute ethanol exposures (25 min, 37 degrees C or 60 min, 35.5 degrees C), the kinetics and the magnitude of tolerance were similar to those after isotoxic conditioning treatments with heat alone (10 min, 45 degrees C). In contrast, equimolar ethanol at 22 degrees C did not induce thermotolerance. These data provide a rationale for conflicting results in the literature regarding thermotolerance induction by ethanol. Both heat sensitization and the induction of thermotolerance are interpreted as the effect of ethanol on the solution properties of intracellular water. These solvent alterations reduce the temperature necessary to elicit cytotoxicity and the development of thermotolerance.